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CENTRALIZED SOLAR WIND
HOME HEATING

By
Russell Peterson and Duane Cromack
Mechanical Engineering Department
University of Massachusetts
Amherst, Massachusetts 01002

ABSTRACT
In the immediacy of national goals for energy independence, the need emerges to use dialectic methods to dimin
ish the energy consumptive characteristics of the typical home.
At the cutting edge of resourceful progress are the residential developments which embrace alternative and con
servative energy techniques.
In conjunction with such a planned, low impact community, this paper proposes a
cluster-centralized system which utilizes wind energy in combination with solar thermal energy for space and
domestic water heating.
A description of the random solar-wind resource embodies a matching problem that in turn reveals the benefits of
the combined mode of energy collection. Though solar and wind energy systems have been coincidentally advanced,
their mutual and unified application remains novel. The combined system demonstrates an appealing ability to
fulfill the heating requirements.
INTRODUCTION
The typical dwelling is conspicuously energy consump
tive. The largest portion of the energy consumed is
for space heating with the second most significant
portion for water heating. Together, these thermal de
mands account for nearly 80 percent of the total resi
dential energy consumption (1). Space heating of
buildings consumes 20 percent of the nation's fuels
(2), usually non-renewable natural gas and fuel oil.
Electrically heated homes are particularly raw-re
source costly if the inefficiencies of electric gen
eration and transmission are properly included along
with the more apparent dwelling requirements.
Endeavors to abate this typical dependence on fossil
fuel to meet the residential thermal requirement
should involve both thermal conservation schemes and
the use of indigenous energy resources. Building de
signs symbiotic with the local environment and the en
gineering techniques outlined in this paper incorpor
ate building methods and materials to reduce the net
thermal effluxion to the surroundings. Replenishment
of both wind and solar thermal energy is proposed for
inclusion in the heating scheme because the two re
sources are diffusely distributed to the site local,
inexhaustible, clean, and complementary. The logical
extension of these heating plans is their integration
into a total-coordinated thermal development (TCTD),
which is a complex of conservative structures cluster
ed with a centralized solar-wind heating system.

One of the few planned residential developments embrac
ing these energy conservative and alternative tech
niques is Orient Meadow Project (3). The design for
the Orient Meadow TCTD is to reduce the dwelling heat
ing consumption of non-renewable raw resources to less
than one fifth of that of a commensurate, standard,
residence. This reduction is accomplished in two ways
Energy conservative tectonics reduce the heat loss
from the standard residence by 50 percent. In addi
tion, the solar plus wind alternative delivers a mini
mum of 60 percent of that diminished requirement,
which is a more stringent standard than those profes
sionally recommended for the solar only alternative
(4).
In conjunction with this TCTD Project, this paper con
veys the concepts and initial feasibility inquiry for
a cluster-centralized solar-wind heating system.
Though stemming from the plans for a clustered com
munity, this central heating plant is a candidate, in
the proper context, for numerous commercial applica
tions.
ENERGY CONSERVATION
CLUSTERED HOUSING
A typical autonomous dwelling with a single total
life support system serving only one family is the
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hyperbole of an energy costful human shelter. Such
residences are often designed with minimal attention
given to bioclimatic principles and promote gross
wastefulness due to profit motivated construction.
Furthermore, these dwellings exacerbate resource ex
haustion by requiring extrinsic fuel support systems
such as refineries and distribution networks. Energy
necessary to maintain such a life style at commonly
inflated levels of comfort is being increasingly hard
to justify.

an average reference dwelling unit is calculated to
demand 15,500 Kwhr in a 7000 degree day climate.
This unit compares favorably with present technology
(10) and multiples of the unit are used in calculation
to represent the various clustered arrangements.
HEAT DISTRIBUTION IN THE RESIDENCE
FORCED HOT AIR
A radial forced-draft system is employed to distribute
heat throughout the home.
Forced hot air (as opposed
to hydronic which is forced hot water), is a more dir
ect and effective heating medium. The convective cur
rents reduce response time and can use lower tempera
tures to achieve a given comfort level. Forced con
vection schemes also afford increased design flexibil
ity for environmental control by allowing the straight
forward integration of recirculation and reclamation
ductwork.
For example, an air intake in the loft area
is incorporated to circulate the warm loft air to the
cooler lower rooms and reclamation ductwork around the
Jotul stove pipe acts as a low complexity economizer.
In addition, a humidifier is placed in the hot air
distribution plenum, but could not be integrated with
the hydronic system. The generally lower efficiency
of air distribution is acknowledged but is accepted in
favor of its other advantages.

Prognosing a possible trend toward a multiplicity of
families living in cooperative and energy resourceful
arrangement, the Orient Meadow Project will provide a
low impact, clustered community setting in which the
habitants share a centralized solar-wind heating sys
tem and other life support functions. The arrangement
of the living units is influenced by zoning limita
tions and marketing considerations and consists of a
satellite array of single and duplex dwellings around
a community center. The center houses community ac
tivities in addition to being a garage, laundry, and
powerplant.
CONSERVATIVE DWELLINGS
Various energy conservative techniques incorporated
into the individual residences are illustrated in
Figure 1. Though each residence has some unique fea
tures, the basic units are of similar design. The
dwelling shapes for example, are consistently two
storied and have a 1 to 1.2 east west elongation as
recommended by V. Olgay (5). The east and west walls
receive a minimum of direct summer sun. The south
wall receives nearly twice as much radiation during
the winter as during the summer. The buildings, in
many cases, are situated at the site so that partial
subterranean construction reduces the northern expo
sure and a low horizon to the south increases solar
exposure.

To maintain comfort, all the homeowner must do is set
the temperatures and humidity controls. By automati
cally lowering the nighttime temperature by 8 F, the
thermal capacitance in the structure relinquishes a
major portion of the heat otherwise required.
DOMESTIC HOT WATER
The domestic hot water continually circulates in an
insulated loop, providing hot water on demand and re
ducing the transitory losses of heat and water. Flow
controls also limit the squandering of hot water (11).
During the noncritical night hours, the hot water tem
perature is reliant upon the solar-wind energy input
only.

The construction is basically of wood because of its
lower environmental impact, good strength and thermal
characteristics, and aesthetic appeal. As suggested
by Curtiss Johnson (6), conductive losses through
the shell are reduced by using 8 inch foil faced
fiberglass batts of insulation with a polyethelyne
vapor barrier. Also, the foundation and subterranean
walls are insulated at the outer surface so that in
addition to reducing the losses, they increase the
interior thermal capacitance. Double thickness roof
insulation and the extension of berm to roof areas,
where practical, reduce upward heat losses. Insulated
doors and window shutters are employed.
(The fact
that the shutters, for example, are owner operated
encourages the reunion of peoples actions with their
consequences and emphasizes that environmentally sound
habitation will probably demand modification of pres
ent social behavior.) Tightness of construction, air
lock entry vestibules, weather stripping, and high
quality casements or sealed windows all reduce infil
tration losses.

ENERGY ALTERNATIVES
Unlike the non-renewable fuels, solar radiation and
its atmospheric by-product, the wind, are clean and
inexhaustible resources appropriate for local and low
temperature applications in the order of 100° to 200°F
range. Their characteristic unsteady nature however,
is the disadvantage that necessitates an interruptible
load or some form of an energy flywheel.
Solar energy has been favorably assessed as a national
resource (12) and a mushrooming number of buildings
demonstrate the use of solar radiation for space and
domesting water heating (13).
SOLAR HEATING
Solar home heating is usually accomplished by mechan
ically transporting a working fluid through a system
to transfer heat from a collector (flat plate) to a
distributor with the aid of thermal storage. A com
parison of solar radiation and heating load informa
tion is indicative of the extensity required of the
system to achieve a given heatability. Practical
solar heating systems are not designed to carry the
full heating load all of the time.

Window area per wall is determined in proportion to
the radiation gain versus wall losses in that direc
tion as based on current calculations (7) (8). All
windows are at least double glazed and in some cases
insulating glass is used.
Calculations, in accord with the ASHRAE Handbook of
Fundamentals (9), show that the TCTD goals for conser
vation are achievable. Though each Orient Meadow res
idence possesses a unique thermal behavior, (dependent
upon its specific architecture, siting, and occupancy),

The dominant distribution of useful solar power de
pends upon the angle of collector tilt from the hori
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range of the turbine operation are the cut-in speed
(minimum velocity) and the rated speed (speed for
maximum power). The choice of these limits affects
the total seasonal power output and the hours of
plant operation. Selecting high cut-in and rated
speeds results in a prodigious power output ( a cubic
function of velocity) corresponding to the high winds
but is of shorter and less frequent duration. Select
ing a lower operating range yields a lower total power
output but operating periods of longer duration.
Common practice for the economic optimization of these
parameters is based exclusively on wind energy data
assessment (20). The choice of high cut-in and rated
speeds for a wind furnace hower, results in sporadic
and extreme high temperature excursions of diminished
usefulness for practical low temperature heating.
Using a lower rated windspeed, however, requires a
larger diameter rotor for the same total output. An
optimum overall combination of wind furnace parameters
will best pay for itself in fuel savings.

zontal and the heat gain from even an optimally tilted
collector does not simulate the home heat loss over
the entire heating season. An economic analysis is
required to determine the collector size which util
izes its area to the fullest extent in paying for it
self in fuel savings. Locally for example, such a
collector area is roughly equivalent to one half the
heated floor space for a well insulated structure and
supplies about 70 to 75 percent of the heating load.
The result is that during the fall and spring, the
mean solar input more than suffices for home heating
but during the mid-winter months, background auxiliary
heating is mandatory. As an example, the useful solar
output of an appropriate 450 square foot flat plate
collector is given for the reference heat load in Fig
ure 2. In addition, locally characteristic spells of
prolonged and intense cold and cloudiness require ex
panded thermal storage capacity and a full capacity
back-up system. Because solar home heating is limited
to partial success, the use of wind energy is examined
as a complementary resource.

The useful power output of a wind furnace with a 25
foot diameter rotor is shown in Figure 4 along with
the reference seasonal heat load. It is evident that
the peak windfield productivity lags the thermal load
thus partially limiting the success of wind powered
heating. However, wind and solar conversions can be
advantageously integrated.

WIND POWER HEATING
Wind power technology is a subject of considerable re
newed interest (14) and investigation (15) but the
direct application of the resource to residential
heating is the subject of but a few studies or appli
cations.

THE SOLAR-WIND COMBINATION
A productive wind field can
for home heating purposes.
izes a "wind furnace" which
vector, thermal storage and
convert atmospheric kinetic
heat.

be successfully exploited
Wind power heating util
is a wind turbine, a con
distribution system to
energy to useful sensible

Hypothetically, if it is 50 percent probable that the
sun will shine on a winter day, and it is 70 percent
probable that the winds will be sufficient for conver
sion, then it is 85 percent probable that some com
bination of the natural energies will be available.

The New England Wind Furnace, as proposed by Professor
W.E. Heronemus, (16) is based on the concept of a 25
Kw wind powered electric generator mounted 60 feet
above the ground where a minimum annual average wind
speed of 10 mph would deliver at least 25,000 Kwhrs
of thermal energy yearly. In one wind furnace com
bination, proposed by a Swedish Civil Engineer, Bengt
Sodegard (17), a conventional boiler heated hydronic
system is supplemented with a wind turbine-generator,
immersion heater, and hot water accumulator. Other
suggestions are: the superimposing of wind generated
electricity on an existant electric home heating sys
tem, the use of a mechanically driven dissipation de
vice for directly heating of stored hot water, wind
driven heat pumps (18), and electrolysis and subse
quent hydrogen reconversion (19).
The technical feasibility of wind power heating de
pends on the local windfield productivity, the over
all distribution of available kinetic energy during
the heating season, and the probability and duration
of occurrence of1the wind speeds. Also of importance
are the characteristics jof the heating load. Windfields having an annual average available energy of
the order of 100 or more watts per square metre dem
onstrate a seasonal distribution of kinetic energy
favorable for home heating purposes. Such wind
patterns repeat from year to year, and have a signif
icant increase in late winter and early spring which
has a distinct advantage when compared to the increase
in the mid-winter heating requirement. Such a compar
ison is shown in Figure 3 on a percent of seasonal
mean energy basis.
The economic analysis of wind machine design parame
ters to determine the combination most appropriate
for home heating is a tenacious task. Two influen
tial design parameters which determine the velocity
110

The solar collector portions of a heating scheme are
active during the daylight hours only. The winter
nights, which would then drain much of the stored
energy, are often windy enough to be beneficial for
wind powered home heating. Wind powered heating also
allows the wind related convective and infiltrative
losses to be directly replenished by the same winds.
Combining the two modes improves the conversion re
liability. It is noted however, that temperature in
creases due to placing a wind powered heater into a
solar heated storage will decrease the solar collec
tion efficiency unless some method of isolation is in
corporated to protect that efficiency. Overall, the
better frequency and duration of occurrence of the
combined inputs afford a reduction of storage capacity
and auxiliary fuel consumption. The seasonal distri
bution of useful mean energy from solar plus wind
convectors can more closely approximate the seasonal
heat load to further reduce auxiliary fuel consumption.
For example, the total useful output of the 20 ft
diameter wind turbine and a 250 ft2 flat plate solar
collector is sized to the reference heat load in Fig
ure 5.
In applying the solar-wind technology to the conser
vative residence, it becomes evident that the smaller
the heat loss for the building, the smaller the de
mand on the natural energy system, hence the smaller
the equipment dollars but, unfortunately, the higher
the specific equipment cost (dollars per Kw-hr) be
comes. Also design heat loads of less than about
9 Kw ask for an auxiliary output that is smaller than
currently available conventional gas and oil fired
furnaces, making a costly full capacity back up sys
tem even harder to justify for the single residence.
Compounding the above economic difficulties by divid
ing the reduced load between the two natural modes of
heating, with their inherent dual specialty of conver

sion, storage, and control apparatus, one observes
that the costs become exorbitant.

another turbine. The downstream distance from a rotor,
required to insure atmospheric replenishment of the
extracted energy, is taken to be five diameters in the
prevalent direction and four diameters transversly in
a close packed distribution, based on a conservative
average from previous studies (34). Should multiple
rotors be used on a single tower, the standard 1.4
times the rotor diameter for the center-to-center spac
ing of the rotors will be used.

In discussing the Orient Meadow project, three factors
were focused upon in response to the economic issues:
First, the proposed totally coordinated thermal devel
opment, with the centralized solar-wind heating sys
tem supplying the clustered complex of energy conser
vative dwellings, is intended to cut the high specific
costs to a level that is economically acceptable. Sec
ond, to quote harbinger Paul Erlich, "The quality of
your life will then be directly proportional to how in
dependent you have become from the complex and fragile
mechanisms that now provide most Americans with the
requisites of life (21)." A recent survey reveals that
many people are indeed willing to pay an exaggerated
price for the security of energy independence (22).
Since the project is located in a relatively affluent
and progressive community it is expected to be more
marketable. Third, to shift to subsidy of a new tech
nology from the developer to more appropriate and
financially able scientific agencies, outside funding
is being sought.

A further tower placement constraint is the maximum
generator-to-load distance which prevents excessive
transmission dissipation. The suggested 1000 foot
limit (24) due to transmission losses is taken to be
acceptable for the intermediate sized TCTD wind furnace
system.
SOLAR DATA
The collection of solar data is more straightforward.
Knowing that local precedents indicate the solar re
source to be sufficient for home heating, but trying
to avoid estimations which lack the necessary short
term effect of clouds in radiation depletion, actual
recorded data is obtained. Many U.S. weather bureau
stations record radiation data and one is sought that
lies near to the same latitude as the site locale and
that has commensurate atmospheric conditions. Though
somewhat distant, the Blue Hill (25) data is acceptable
to represent the project's solar environment. Such
data is almost consistently recorded on a horizontal
surface. To represent the insolation incident upon
the optimally tilted collector surface, the data is
mathematically transposed by the methods of B.Y.H. Liu
and R.C. Jordan (26), thus requiring a knowledge of the
direct, diffuse, and reflective components of the data
(27). This new data base is used for calculating the
specific solar output for a given solar collector and
system design. Corresponding data useful for solar
heating calculations include ambient temperature, cloud
cover, and windspeed. These are often available on an
hourly basis from the same weather station.

TCTD METHODOLOGY
Prior to designing a centralized solar-wind heating
plant, a resource evaluation is in order.
WIND SURVEY
Due to the sensitivity of a local windfield's produc
tivity to the area's surface features, a detailed and
integrated study of both meterologic and topographic
information is required to determine which sites are
best suited for wind exploitation. A gentle hill which
increases the average windspeed by a factor of 1.2 for
example, might increase the extracted power by 20 per
cent.
A three fold survey method is employed to determine the
site windpower potential. First, a meso-scale examin
ation is made of available meteorological records.
Eight miles up the prevailing windstream from the
Orient Meadow site for example, a complete meteorlogical survey for a proposed nuclear power plant has been
recently completed and made public domain (23). The
area's chorography and prevailing winds ensure that
both locations are exposed to a generally similar wind
regime. The second step, having evaluated the useable
amount of wind energy common to the area, will be the
selection of a small number of sites, one in each major
topographically distinct portion of the project area.
The Orient Meadow property is divisible into three such
areas: (1) a wooded ridge with a western exposure, (2)
an open meadow, (3) and a gentle, wooded knoll for a
total of fifty five acres. On each of the three sites
will be installed measuring equipment to compute and
record windspeeds on an hourly basis throughout the
heating season so that velocity duration curves can be
made.

TCTD LAYOUT
The actual TCTD layout as planned is a result of a myraid of considerations such as zoning laws, topography,
environmental protection, accessibility to the natural
resources, and marketability. Development of the knoll
as the first phase is shown in Figure 6. A central lo
cation has been chosen near the crest of the knoll
where the wide and open southern exposure ensures un
inhibited solar collection. At this site, a common
garage and enclosed laundry and central mechanical area
provides the structural base for the flat plate solar
collector. The maximum feasible collector area is 1500
square feet. The dwellings are placed about the central
building in a close packed fashion to prevent excessive
energy transport losses. The closeness of the homes is
limited by environmental design considerations, the
major of which is the need for solar collection clear
ances between structures. The south facing walls of
the individual dwellings require an open range sweep
of the southern sky to ensure successful passive solar
collection. Dwellings placed downslope to the north
require larger inter-dwelling clearances due to in
creased shadow lengths. Solar angles tabulated by the
American Institute of Architects are useful in making
TCTD layouts (28). A total of six dwellings are to be
built in phase one, two pairs of which will be connected
in duplex fashion by a common greenhouse. The two windplant locations are based on the wind survey, the choice
of a single masted New England Wind Furnace prototype,
available land, and local zoning laws.

Third, at a larger number of well-distributed points of
interest, measuring sataions, of the simple counter
type cup annemometer, will be installed to compare lo
cal point velocities to the local area velocities.
These three steps indicate whether there is enough wind
available for wind powered heating, the specific energy
output obtainable from a given wind furnace design, and
the relative merits of the local sites.
Having established candidate sites, attention must be
given to minimum inter-turbine distances to prevent the
placement of one turbine in an energy-depleted wake of
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THE CENTRAL SOLAR-WIND HEATING SYSTEM
The central heating plant consists of an array of liq
uid type flat plate solar collectors and two wind tur
bine-generators heating tanks of stored water. Heat,
hydronically circulated to fan-coil units at the
dwellings, is obtained from four sources in the cen
tral mechanical area:
(1) a pressurized 3000 gallon
high temperature reservoir, (2) a pressurized 3000
gallon medium temperature reservoir, (3) a separate
2500 gallon low temperature water tank incorporating
a 5 ton heat pump, and (4) a 225,000 BTU auxiliary hydroni c heater.
Heat for the domestic hot water is obtained through
heat exchangers placed in the first two hot water
reservoirs with the temperature boosted as necessary
by the auxiliary domestic water heater. The central
heating plant is shown schematically in Figure 7.
The central heating scheme can be divided into six
basic parts: (1) wind conversion, (2) solar collec
tion, (3) hydronic space heating and storage, (4) do
mestic water heating, (5) auxiliary heating, and (6)
automatic controls.
WIND CONVERSION
Two 25 Kw wind turbine generators power electric immer
sion heaters located only in the high temperature
storage tank. The design of the wind turbine is based
on continuing research and development at the Univer
sity of Massachusetts (15) (29). The rotor with a 32.5
foot diameter is placed at a 60 foot height. Coupled
to a three phase a.c. generator, it should cut-in to
generate useful power in winds as low as 5mph and reach
the 25 Kw rated power in a 26 mph wind. Pitch control
is employed for maximum momentum exchange up to the
rated speed. The turbine-generator is connected
through a load controller to a bank of submerged re
sistors which dissipate power (heat) as soon as the
wind machine begins to generate. The resistance is
controlled to keep the output of the generator plus
load just below the maximum output of the rotor. The
parallel wiring of resistor sets prevents instantaneous
unloading should an element fail electrically. The
immersion heaters are placed only in the high tempera
ture tank to protect the solar collection efficiency
related to the lower temperature reservoirs. Natural
convection distributes the heat throughout the tank of
stored water. Overall, the directly connected and in
terruptible load of heating stored hot water is a very
effective use of windpower. Its simplicity eliminates
unwieldly and costly alternatives such as batteries
and its load conversion efficiency approaches an out
standing 95% (11).
SOLAR COLLECTION
The south facing 1500 ft^ flat plate solar collector is
optimally tilted to 57.7 degrees corresponding to the
42.5 degree north latitude. Double glazing covers the
flat black absorber plate through which a waterethylene glycol solution with a -10°F freezing point
is pumped. The collector downcomer delivers the solu
tion to a selected sequence of heat exchangers placed
near to the bottom in the hot water tanks. The high,
medium, and low temperature tanks receive high, med
ium, and low grade solar heat such that no stored water
will be degraded. The collector feed pump draws from
the low temperature tank and operates whenever the
collector temperature exceeds the low grade water tem
perature by ten or more degrees. Before passing into
the collector, the solution passes through a getter to
minimize the corrosion problems prevalent with alumin

um.
HYDRONIC SPACE HEATING AND STORAGE
Whenever the outdoor temperature falls below 65°F and
a fan-coil thermostatic control indicates a space heat
demand, hydronic circulation commences and the circu
lation temperature is then maintained in the 100 to
120°F range. After giving up heat at the fan-coil
units, the degraded returns feed into the medium tem
perature storage tank (tank 2). From there the hot
water passes back to the hydronic circulating pump or
into the high temperature storage tank (tank 1), de
pending on the mode of operation. If the output of
tank 2 falls below 110°F, the high temperature storage
(tank 1) bypass closes and tank 1 is then placed in
series with tank 2. Combining the two reservoirs im
mediately results in a higher hydronic circulating
temperature and increased thermal capacitance. If
thermal depletion continues, such that the output tem
perature of tank 1 falls below 110°F , the auxiliary
hydronic heater boosts the circulating temperature.
If the temperature of the low grade water tank (tank 3)
permits the economical operation of the heat pump, it
is used to maintain the proper circulating temperature.
If necessary, the heat pump and auxiliary heater oper
ate in series. Should solar-wind thermal replenish
ment resume, and the two reservoir temperatures even
tually reach 120°F, the bypass valve will again iso
late tank 1 and return tank 2 to independent circu
lation. If the replenishment be wind powered or a high
grade solar output, the temperature of the high grade
tank 1 increases to a limit related to domestic water
heating at which point tank 1 and tank 2 return to
series operation. Essentially, there is both an upper
and lower limit to the usefulness of the segregated
storage. The upper limit is controlled by the domes
tic water heating demands.
DOMESTIC WATER HEATING
The delivery of hot domestic water is accomplished by
the continuous recirculation of the water between the
homes and the central heating plant. A sequence of
heat exchangers, placed near the top and inside the
two stored hot water tanks, is selected to heat the
domestic water in such a manner that it will not be de
graded or over heated. The medium grade tank normally
acts as a preheater and the high grade tank as the last
stage heater necessary to maintain the 130 to 140° do
mestic water temperature.
If the temperature of the
high grade tank reaches the maximum useful limit for
domestic water heating (160°F), tanks 1 and 2 combine
in series operation. The equilibrium hydronic temper
ature is still sufficient for total solar-wind powered
domestic water heating but reduces excessive storage
losses due to otherwise higher temperatures and im
proves the overall efficiency. - Should the solar-wind
output be insufficient to maintain the proper domestic
water temperature during the critical hours, the auxil
iary domestic water heater utilizes the non-renewable
resources to boost the temperature. During the late
night hours, the auxiliary heater is automatically in
activated and heat is obtained from only the thermal
storage.
AUTOMATIC CONTROL
This total flow control scheme efficiently interrelates
the seemingly independent solar and wind thermal out
puts and the space and domestic water heating demands.
Having set the comfort controls, the system electron
ically monitors and controls itself. A single mini
processing integrated circuit cartridge is being de112

signed (31) which performs the entire multiplicity of
necessary functions. Should one of the units fail,
its replacement will be as simple as replacing a fuse.
Finally, whenever space heat is being supplied by aux
iliary resources, the residents are discreetly notified
and may elect to stoke up their Jotul 118 wood stoves.
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